In the present study we evaluated the effects of two copper sulfate (CuSO 4 ) concentrations (0.4 and 3 mM) in the culture medium on the biofilm production and photosynthetic compounds concentrations in Euglena gracilis. The results showed that the exposure of E. gracilis to both 0.4 and 3 mM Cu 2+ stimulated the ability of this microorganism to increase its biofilm production with a mean ± SD optical density measured at 590 nm (0.38 ± 0.04, and 0.27 ± 0.07, respectively). In contrast when E. gracilis was exposed to 0.4 and 3 mM Cu 2+ respectively, the growth of cells and chlorophyll a and b content showed significant decrease relative to those showed by the control. These results suggest that the biofilm formation could be considered as metal protection mechanisms in E. gracilis. Finally, these results provide useful and important information for researchers in order to increase the eco-toxicological studies about E. gracilis for its employment in bioremediation programs.
INTRODUCTION
Serious environmental problems as a consequence of the increase in anthropogenic activities have been recently observed worldwide. Particularly, the disposal of treated and untreated waste effluents that contain potentially toxic elements from industries (e.g steel plants and thermal power plants) has had a negative impact in water quality. Some studies have shown that potentially toxic elements such as copper (Cu 2+ ) can alter macro and microbiological communities in terrestrial and aquatic ecosystems (Baolin et al., 2011) . The sources of Cu 2+ contaminations include mining, smelting, agriculture, urbanization and industry (Sheldon and Menzies, 2005) . Copper is an essential micronutrient required for protein *Corresponding author. E-mail: daniasaf@gmail.com. components of some enzymes in organisms (Ke et al., 2007) , however, its excess may stimulate the formation of free radical and reactive oxygen species, resulting in Copper is an essential micronutrient required for protein oxidative stress (Sanchez-Viveros et al., 2010) . To cope with heavy metal toxicity, organisms have developed a variety of mechanisms that include production of heavy metal binding factors and proteins (metallothionein and phytochelatin conjugates), reduction of metal to a less toxic species, exclusion of toxic heavy metals from cells by ion-selective metal transporters, and excretion or compartmentalization (Gonzalez-Mendoza and ZapataPerez, 2008) . The biochemical effects of heavy metal has been carefully studied in free-swimming organisms; however, in community living microorganisms (biofilms) there is little information on this regard (Vu et al., 2009; Liu et al., 2010) . Some studies have documented the use of biofilms in wastewater treatment to remove heavy metals from bulk liquid (Arnold et al., 2010; Vilchez et al. 2011) . In this context, the biofilm microorganism Euglena gracilis offers enormous potential for wastewater treatment. E. gracilis is a ubiquitous euglenoid that may employ many resistance mechanisms, such as the synthesis of phytochelatins and glutathione to reduce toxic effect of metals (Rodriguez-Zavala et al., 2007) . Even though the biochemical mechanisms of heavy metal resistance have been studied in E. gracilis, the influence of potentially toxic elements, such as Cu 2+ , in the biofilm production has been scarcely studied. To gain more insight into the microbial ecology of heavy metal-affected environments, in this study we have assessed the effects of different Cu 2+ concentrations on biofilm formation and levels of photosynthetic compounds in E. gracilis.
MATERIALS AND METHODS

Cultivation of E. gracilis
Glass test tubes (previously cleaned with dilute nitric acid (10%) and rinsed several times with Milli-Q water) with 30 ml of a E. gracilis medium at pH 5.5 (Ruiz et al., 2004) were inoculated with a strain of E. gracilis Klebs from Carolina Biological Supply Company (0.8 × 10 5 cells ml -1 ) and treated with two different concentrations of CuSO4 (0.4 and 3 mM) and a glass test tube without CuSO4 was used as a control. The CuSO4 exposure was carried out for three days on static cultures at 26±1°C with photoperiod of 14 h/10 h light/dark cycles and irradiance of 19 W m -2 (400 to 700 nm). Cell growth was measured at end of the CuSO4 exposure period (3 days) by counting the cell concentration with an aid of Neubauer counting chamber in the 40× magnification of a microscope. The cultures were filtered and washed several times with metal free medium. At least three replicates for each test tube were taken and stored at -80°C until further use.
Evaluation of E.gracilis ability to form biofilm
The ability of E. gracilis to form biofilm on abiotic surfaces (glass) was evaluated as described by Yegorenkova et al. (2011) . Briefly, at the end of the incubation period (3 days) each test tube was washed twice with water (this process was repeated three times) and 2 ml of 1% (w/v) crystal violet was added to the culture. After 15 min of incubation at room temperature, each test tube was carefully washed with sterile water to remove the planktonic cells and to wash out the excess of dye not adhered to the test tube. This process was repeated three times. Only the adhered bacteria forming the biofilm were kept on the surface of the wall of test tubes. Dye bound to the cells that were adhered to the walls of the test tubes was dissolved into acetone-ethanol (20:80; 2.5 ml for the test tubes). Biofilm forming ability was evaluated by the color intensity of the solution. The absorbance (A590) was read on a Genesys 20 spectrophotometer (Thermo Scientific). Controls were performed with Crystal Violet binding to the wells exposed only to the culture medium without E. gracilis.
Evaluation of Chlorophyll (a and b) concentrations
Chlorophyll a, and b concentrations from E. gracilis treated with copper were determined by the method described by Arnon (1949) . Briefly, 100 mg of biomass were placed in an eppendorf tube, with 1.5 ml of acetone (100%). Biomass was then grinded at 4°C and centrifuged at 4000 × g for 5 min. The supernatant was separated and the absorbances were read at 662 nm for chlorophyll a and at 646 nm for chlorophyll b on a Genesys 20 spectrophotometer (Thermo Scientific).
Statistical analysis
All the assays were performed by triplicate. Results are expressed as means ± standard deviation of the mean (SD). Significant differences among means were determined using the KruskalWallis test (Statistical Package version 5.5, Statsoft, USA). Means were considered significantly different when P<0.05.
RESULTS
In the present study, the data showed that the exposure of E. gracilis to Cu 2+ stimulated the ability of this microorganism to adhere to the glass wall of the test tube, forming a visible biofilm (Figure 1) . The E. gracilis biomass from cultures exposed to 0.4 and 3 mM Cu 2+ showed a high biofilm production with a mean ± SD optical density of 0.38 ± 0.04 and 0.27 ± 0.07, respectively. Control culture of E. gracilis showed a low biofilm production with a mean ± SD optical density of 0.18 ± 0.03 (Figure 2) . The non-parametric ANOVA Kruskal-Wallis test showed that cells of E. gracilis exposed to lower and higher concentrations of Cu 2+ (P = 0.012) have more absorbances, in the range of 0.3 and 0.2, respectively, relative to the control. On the other hand, we also observed that the growth of E. gracilis was affected when exposed to high concentration of Cu 2+ . For . Staining was carried out using crystal violet. Optical density was read at 590 nm. Means ± standard deviation of the mean (SD); n = 3. . Means ± standard deviation of the mean (SD); n = 3. example, when the culture was exposed to 3 mM Cu 2+ , a significant reduction in E. gracilis population was observed. In contrast, exposure to low concentrations (0.4 mM) of copper did not affect the population growth ( Figure 3) . As for the chlorophyll content of E. gracilis, there was a significant decrease in the content of chlorophyll a and b in E. gracilis exposed to Cu 2+ Figure  4 ). After treatment with 0.4 and 3 mM Cu . Means ± standard deviation of the mean (SD); n = 3.
(for chlorophyll a, and 7.30 and 6.31 µg/ml for chlorophyll b, respectively.
DISCUSSION
Previous studies have reported that biofilms are capable of removing heavy metal ions from different aquatic environments (Bere and Tundisi, 2011; Tlili et al., 2011) . In the present study our results suggest that the biofilm formation could be considered a protection mechanism in E. gracilis when exposed to essential metals. In this regard, Souza-Egipsy et al. (2011) found that different phototrophic biofilms (Chlorella sp and Euglena mutabilis) isolated from an extreme acidic environment may play a significant role in the maintenance of primary production in extreme ecosystems (low pH and heavy metal). Other studies have shown that biofilm production in different organism could display a number of chemical (e.g variation on pH or redox potential), and physical properties such as electrostatic interactions, hydrogen bonds and London dispersion forces that increase the tolerance to heavy metals (Mayer et al., 1999; Vu et al., 2009 ). In contrast, various studies have shown that the biofilm production is not considered a protection mechanism for metals in E. gracilis (Rodríguez-Zavala et al., 2007) .
On the other hand, the decrease of the population and chlorophyll content from E. gracilis after Cu 2+ exposure may be due to the blocking of enzymes related to chlorophyll synthesis or to degradation of chlorophyll and DNA damage and protein synthesis (Sonmez et al., 2006; Garcia et al., 2011) . In addition, other studies have documented that the excess Cu +2 in the growth medium may cause changes in membrane permeability, photosynthesis and respiratory processes, and it also causes lipid per-oxidation and caused destruction of chlorophyll (Vinit-Dunand et al., 2002; Yruela, 2005; Gonzalez-Mendoza et al., 2009 ). These results provide useful information for ecotoxicological studies with the aim of employing E. gracilis for bioremediation programs.
Conclusion
In conclusion, the present study clearly showed that the exposure of E. gracilis to Cu +2 changes the biofilm production and chlorophyll content in the cells. Therefore, the present data suggest that in E. gracilis the production of biofilm is involved in Cu 2+ detoxification. Additional studies under field conditions are required to strengthen the value of biofilm as a mechanism of heavy metals tolerance.
